Foot-and-mouth disease virus can be grown in baby hamster kidney cells with a chemically characterized medium containing only tris(hydroxymethyl)-aminomethane (Tris) buffer, glucose, glutamine, and salts. Virus infectivity was only 0.5 log unit less than in a complex cell growth medium containing serum, tryptose phosphate, and lactalbumin hydrolysate. At high multiplicity of infection, production was maximal in 5 hr, with the virus remaining largely intracellular. Glucose and glutamine appeared to act independently of each other although both were required at about the same time during the virus production cycle. Glutamine had the greater effect and could not be replaced by amino acids, purines, and pyrimidines. Glutamine also stimulated cellular oxygen uptake in both normal and infected cells. Serum and other organic components added singly to the defined medium did not increase the virus yield. Studies on uninfected cells over a 5-hr incubation period showed that the defined medium maintained protein and ribonucleic acid synthesis at rates similar to the complex cell growth medium. These rates were much lower in media containing only inorganic salts and Tris buffer. Glucose, however, was more important to uninfected cellular metabolism than was glutamine. Defined medium containing dialyzed calf serum produced the highest rate of protein synthesis.
Previous work in this laboratory established satisfactory media requirements for large-scale production of foot-and-mouth disease virus (FMDV) in baby hamster kidney (BHK) cells (6) . The greatest yield of plaque-forming units (PFU) of virus per cell with the use of a low multiplicity of infection was obtained in cell growth medium containing 10% calf serum, although a minimal volume of a more strongly tris(hydroxymethyl)amino-methane (Tris)-buffered medium containing only 1.5 % serum was used for routine production of high-titer virus. All media studied contained incompletely defined materials such as lactalbumin hydrolysate and tryptose phosphate in addition to serum.
For investigation of host-cell virus interactions, media containing as few organic substances as possible are desired. Radioactive precursors of viral-associated compounds and chemical agents which may affect virus production can then be added with less chance of interference by medium components. Earlier work in this laboratory established a defined medium for growth of FMDV in primary bovine calf kidney cultures which consisted of salts and Tris buffer with glucose as the only organic substrate (4) . The present paper shows that in the BHK cell glutamine is also required. Table 1 shows the rate of FMDV production with three different media: (i) cell growth (GM, 10% serum) previously known (6) to produce maximal virus yield at low multiplicity of infection (0.01 to 0.05), (ii) the medium used for routine large-scale production of virus (GM-Tris, 1.5% serum), and (iii) a simplified medium consisting of Hanks salt solution prepared in 1% Tris with NaCl concentration reduced to 2.1 g per liter to maintain isotonicity and containing 0.2% glucose and 0.03% glutamine as the only organic substrates (Tris-H, glu + glut). In all media, 5 hr was the earliest time for maximal virus infectivity. Even at the high multiplicity of infection in this experiment, the cell growth medium still produced the most virus. The simplified medium was as efficient as the routine large-scale production medium. Table 2 shows the distribution of virus between cells and supematant fluid at 5 hr for the same three media as in Table 1 . Three other media which have fewer components than Tris-H, glu + glut are also included. The major portion of the virus, about 90%, was intracellular in all the media. Tris-H, glu + glut produced an average of 0.5 log unit less viral infective units than cell growth medium. Both glucose and glutamine were necessary for maximal virus production in the simplified medium, each contributing separately to the total yield. The concentrations of each were sufficient to satisfy production demands, since increased levels of substrate did not increase virus yield. Medium without any organic substrate (Tris-H) was inadequate for viral growth.
Preliminary data for experiments conducted at low multiplicity of infection and lasting 18 to 24 hr showed that the efficacy of the simplified media to produce virus remained unchanged over the longer time period.
The glutamine requirement in Tris-H, glu + glut was investigated by replacing the glutamine with the following components: lactalbumin hydrolysate; ammonium chloride; glutamic acid, proline, aspartic acid, and asparagine, singly and combined; adenine, guanine, cytidine, and uracil, ponents. Serum in concentrations up to 10% had no effect. However, as will be reported later, Tris-H, glu + glut containing serum maintained uninfected cellular metabolism at a higher level than the same medium without serum. Protein and amino acid additives such as lactalbumin hydrolysate, tryptose phosphate, bovine serum albumin, and cysteine individually did not enhance virus production. Vitamins had no effect. There apparently is a requirement for the interaction of all the organic components in the cell growth medium to yield maximal virus growth, because the components present singly did not enhance production.
Glucose and glutamine were added at different times during the virus growth cycle in an attempt to determine the nature of their independent action in increasing virus yields. Table 3 shows that glucose and glutamine were both needed at about 180 min postinfection when the starting medium was Tris-H, and at 150 min when the starting medium was either Tris-H, glu or Tris-H, glut. If it is assumed that the initial intracellular pools were comparable, there was no apparent difference in time requirement for either component.
In another attempt to differentiate between the enhancement of virus production by glucose and glutamine, respiration studies were performed on uninfected and infected BHK cells in the presence of these substances ( ,uliters per hr per million cells, was decreased from 5 to 10% by glucose and increased from 15 to 35% by glutamine. Viral infection lowered oxygen uptake by about 15%. Glutamine added with the virus overcame the decrease due to virus by an amount equal to its usual stimulating effect. Although Tris-H, glu + glut appeared to be a satisfactory medium for producing FMDV from BHK cells, it was necessary to ascertain the effect of this medium on normal cellular metabolism. Protein and RNA synthesis were studied by comparing the incorporation of 14C-labeled algal protein hydrolysate and 3H-labeled uridine by BHK cells in various media. Table 5 shows that the rate of protein synthesis was 40% higher in Tris-H, glu + glut containing 10% dialyzed serum than in the same medium without serum.
Glucose was almost twice as effective as glutamine in maintaining protein synthesis. The medium containing glu + glut did not equal the sum of the individual rates of synthesis, thus indicating some overlapping of function for the 
